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BRIEF

This report contains a description of a computer program
for estimating the parameters of a mixtlare of sultivariate

normal distributions with unknown frequencies, means, end
covariances, The basic equations for the procedure are pre-
sented for the first time here, with their derivation omitted.
An example with the results of the computer printout is de-
scribed for an artificially constructed mixture of three
bivariate normal distributions. The method of using the
program and the Fortran listing are detailed in this report.
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A COMPUTER PROGRAM FOR THE

MAXIMUM LIKELIHOOD ANALYSIS OF TYPES

I Identification
A. TYPE

6. Writtan by John H. Wolfe, January 1963. Revised June, 1964.
C. U.S. Naval Personnel Research Activity, San Diego, California.
D. Coded entriely in FORTRAN II.

II Purpose
Given m scores on each of N individuals drawn from an unknown six-

ture of mulfivariate normal distributions, the program gives maximm-
likelihood estimates of the means and covariances within each type, the
relative frequency of each type, and the maximam likelihood of the sample
for a given number of types.

III Restrictions
A. The program uses 14,S548 words in the main program and 47,2S6

words in COMMON. One input magnetic tape (Unit #3), one output magnetic
tape (Unit #2) and one tape for temporary binary storage (Unit 04) are
required.

B. Restrictions oa Parameters
.umbers of Variables < S
Number of Types < 6

IV Method
[ne program solves the maximum-likelihood equations by one of four

alternative iteration schemes, depending on a control card option.

Suppose that n measurements have been made on N individuals. Let

Xikbe the ithvariable for individual k. Suppose the populati'w from

which the sample of N individuals is drawn Is a mixture of r multivariate
normal distributions. That is, the probability density, f(-x, is given
by

rf(x) S a s (x) , where z, aIs ., and
Sul Sul

Ij 1/2 -1/2 •(x M3) a (x M)

tierse s is the relative proporticn of type s in population, Ias

is the Oeterminant of the inverse of the covariance matrix for type

s, and Ms is the mean of the ith variable for type s.



Let us define g (x) W as (x) / f~x). SUBROUTINE DENSITY calculates

as# f, and gs for each individual. Define the "generalized sample moments"

{4, I1 as follows:
ijab

N
lpks 1 (x x
•ijabN" £ XikXjkXakXbk gs(Xk) k p&Xk)k I

If a subscript is omitted or set to o, th. corresponding term on the
right hand side of the equatian is omitted. For example

N

Uiao k1=ja N x ikXjkk (x )

INand uo = 1" 1
km 1

SUBROUTINE MO4VNT computes a table of (U iab} with b<agji and pcs.

FUNCTION U (II, IJ, IA, IB, IP, IS) looks up the correct Upab from

the two-dimensional table created by MOMENT, even when the inequalities
on the indices are not satisfied.

The maximum likelihood estimates of the parameters-are those values
which maximize the function

N r
L akil log f(xk) - w( r AsSol

Setting the partial derivatives of the likelihood to zero results in
the tollowing equations:

fS S I aooo U o "

S~ ~ S Slu S (i
They~ -(W s) 51 s ij i j

The moments (iScan also be differentiated as follows:



SL2j Ps

P

I j ab Pm-!~ 1 ~, ab P

m P b o lib •P pl1 bal b p ijb
a

$

3 i ab M.P P
ab - A Iup!(a P - AM alYijb NCija - lisab1

S a ab - p bij ab ai b ab

Where 6ps a 1 if p-s

0 otherwise

The derivatives of the moments are computed by

FUNCTION DERV (IX, IJ, IS, IA, IB, IP) A I
a eP b

Where op e O P . d e " ab for a'obb.

DERV calls on three functions, ONE, EM, SIG defined as follows:

ONE (IA, IB) a 6 ab

Im ab ps



SIG (II, IJ, IA. IB. IS, IP) - vi. (aP - NhIb- MPPjb
ij ab a a j

J- Lijab

S

The func:ion EM used with s-O gives the second term in

a pa

and SIG used with s-0 gives the second term in Ui .

aa
p

Vie maximum likelihood equations (f 1: * 0 can be solved in several

ways. One iterative scheme is
•,ewton-R4phson iteration, which solves the inear equations

r m M a 
s

bal A 'ab 0-fisjp.1 su a~ "p=1 b=1 &lob 4 -6p

ab

for as .
ab

on the next iteration 0~ P. a OPas
ab ab ab

SUBROUTINE NEWTON computes the vector

B(IAT) - -f i and the matrix of coefficients
ij

A(IAT, JAT) a .ab

SUBROUTINE MATINV, a standard SHARE routine, solves the linear

equations for asp and stores the result in the vector B (IAT).
ab

SUBROUTINE RAMISON computes the values of the parameters for the
next iteration First it determines if any of the increments are so large
that A * A go or )I. xf so, the increment vector 8 is shortened until

no A p moves A more than half the interval between xp and a boundary point.

That is, if 6axO, <Go - and if A•p)o, AX '-T--, Atter the aS bp~~ -- a



are shortened, they are added to the o•i estimates of the parameters
to obtain new estimates for the next iterations.

The main routine also plays a role in shortening the increment
vector. If the new likelihood is less than the previous one, or if
the determinant of one of tae covariance matrices as determired by
RAPI•SON is negative, then the increment vector B is shortened to half
its previous value and subrout 4no RAP1ISON is entered again.

Several alternatuve versions of if sjI can be written.

At the maximum-likelihood points
5 S S

fo S Xo 4-l 0, hence w = 1
00 00

s.0, hence s - Ms
01 i a 0, hven

Substituting for W and in f 1. 0e have

5 5 S Sf.s* us.f j a U i j - i j '

When METH - 1 on the control card, the fubroutine NF.WT,;, iter-
atively solve-. the :quations

f s a M S- I a 0.

f5 S

I oi 1 Ui -M -.

Is s . s s 0
I f "j Iiij i j

When MET1I • 2, subroutine NEWTON solves tho oriignal set of equa-
tions, horoafter referrel to as ( 2 f1  a 0)

When METiI a 3, the equations usea are

f'.: "l/u (o.) I- A/M • a.

3 fo .1l~a ( 2 fi) i -2 0 0 •.

,s sii3 f i j I M (2 f i j, ) " - " j u / u -4,M•V ./ U a " ( • ie s . z M ) • 0 ,



All three types of equations have the same solutions but their radii
of convergence may differ.

For METl - 2,

tile function f 2 f s} can be summarized in the following formula:

f = 1 - (1 - S6. 0 l p 6. )tu5 (a. s - 8. s
' 13j 0to 1io ij jo[ 0 j i j)

5 5

The partnal derivatives of f. s are then easily written as

3 
.0j

S-S•SSS S

ab

- 0 S S SS
PS io 10o iapj + (1 6jo)(6ja i iao0j jaio

- (I - - . W 5 (0aP P o p
)Ijo 0 in jb j

where otj<ilm and ohb-anm.

The above formulas arc used in METII = 2. If 7IEII 1 ,. the functions

fS =S
1loo Io "fs

1 0 u's - I'l

Ioi i i

If s M s (ais + Ms .

1 ij j i i j

are summarized by the formulas

f j - 8io- (1 - 6i ){(.o6.s 1 (1 - 6o) ) ), s aI iji i j

2LI1 .a (I - . )6 (6 6 (1 -8 M)(6 4 6 q ,)
p P io Ps bQ joo a jo inj jai

ab ab

-(I _6ab/2(Il - 6bo)(1 -6. ](a P P I PCP.)bo jo iaCjb ibja



The functions 3 fif} s {'f s/,o.

3 Sii
•3fl . s.f s s

I Ij 0

a~ ~ ti 11 W() "Ta e.
.11) V a 0 ab

The maxirmmn, likelihood Ncwton-Haphson iteration equations give:

Ib

;Abr P ah - j
a D

Multiplying by us and substituting, we have

abp [0 - tj s p )e ab 2 u

ab 0 dOab

Thus the equations for MIT"I a 3 are readily calculated from the
equations for METI' - 2. Only the matrix of coefficients has to bi

changedjr.imply by subtracting ,f s(- -)
o ab

Instead of Newton-R:apAson iteration, a metho4 of successive sub-

stitutions may be used for finding M s and a
i aij'

S SS55 S

5 s s

Since fne a u o o M. n b he value of by for the noet iteration

is defined as Mo a
1 o

S ~ S S M$S S (,S .SI; e a ovSince f. ij , ,L -1i NO MM) we cajov

for oisafter first substit~iting M 3 A for i:

a. /lc - W M. ,~ where N1 are the new valuesa

'Ine new values of X can be determined by Newton-Raiihson iteration
p S

using only the ehluAtions if 00a 1;0 UI

Liifferentiation of these equations leads to the system

pal a A p 0

p P ~



r ps s
or E u Al X U 0

p-i 0

When the control card MLTlh 0 O, subroutine NLIJTON determines the increments
associated with successive substitutions.

Lxperl..iic;i 'ith thQ po'.o seems to indicate that the NLUITON-Raphson Iter-
ation schemes have very small radii of convergence as compared with the successive
substitution methods. 'icoretically, however, the Newton-Raphson iteration should
converge ,,o.re rapidly once within its radius. Therefore, provision has been made
ir the program for running a fixed number of iterations with successive substi-
tutions so as to get i,:p;roved initial estimnates nvid then switching to Newton-Raphson
methods fo: thir; remainL;Ig iterations. If the control card option is -1. -2, or -3,
then a certain n'rnber of iterations by successive substitution will be used before
Newton-Raphson iteration by methods 1, 2. 3 respectively. Thc control card number
IDUUlP specifies the number of preliminary iterations,

The subroutine INITIAL determines the initial valuci of parameters preliminary
to iteration. Thc proper dctermihiation of initial values is crucial to the success-
"ful convergence of any iteration method, The initial valves dctcrmined by INITIAL
are quite crude, and the researcher may wish to write his )wn version of INITIAL
a ftor some experimentation. The present version also allous the user to specify
his own guesses of the initial values of the parameters of'%-ertain types.

The subroutine INITIAL takes a sample of 100 individual,, and subjects them to
a crude clustering procedure. For cach individual, a count is made of the number
of other individuals within a "box" two standard deviations ot a side around it.
That is, for individual k, the number of individuals j is counted such that
I Xik- xijl oi for all j a 1, 2,..48.., m. The individual with the highest count

is made the centroid of the first cluster--that is, his scores L.re the initial
estimates of the mcans for the first type.

The individuals in the first cluster are erased from the sample and the pro-
cedure is repeated with the remaining individuals.

The knitiAl estimates of the A are all equal to h/r, where r is the number
of types.

The initial estimates of the covariances are the same for each typu and are
equal to the covariaoces computed from the sampia of 100 taken as a whole.

After each iteration the subroutine HI.SULT prints the current estimates of
the parameter for each type. At the end of the last iteration, the p'rogram PLACE
gives the probabilities of membership In each type for each individual.

r Ava -', Copy'



These probabilities are:

P(individual k & Type S) - As gs(Xk).

A few words should be said about the indexing used within the program.
First of all, the indices of the moments do not range from o to a and o to
r as in our aquations, but from I to m~l and I to r~l. Thus the value of3
U(2, 3, 1, 1, 1, 4) 3 " The moments are conveniently calculated by

setting 2il a xi for each X k

and 1- U 1.0. Similarly G(l) - 1.0

and G(2) is thv relative density for type I, gl(xk).

The values for PERS (K) a Ik-i

k-i ijCOV(1. J.- K) - and COVIN (I. J, K) a Qk 1

also AV(I,K) -Mikl

The routine MOMENT collapses the (uiab) into a two dimensionil

array.

The zingle index KL is uniquely related to p and a and the single
index IJ'4N is uniquely related to the indices L, J, a. and b.

In general, suppose we have an array indexed as follows:

There sre M indices. The first index varies from I to N.
Each succeeding Index varies from I to the preceding index.

I )-IX(I) ! .... AIX(M)

Let S(N, M) a nuwber of elements in this urray.

Then S(N*M) a III S(I, M-I)
(N+M- I) (N+-I)

d S(NM) • Al (N-11 M-

Let IX(l)kIX(2)a ... ,j IX(N) be a sequence of indices for a particular
element of the array. The one-dimensional index of the elemnt is

N I
K I I-1 Jul (IX(4-.l*)-2.J)/J

or K I i!* S(IX(M-I.l)-II)1.1g



These formulas are used by the Function uto look up values of ijab
ijab

V Usage

A. Input(TAPE Unit B. 8(D-card images)
1. Title Card in columns 1-72, an) alphanumeric characters.
2. Control Card

COLS: NAME AN !fI NITEON

1-4 IX Number of variables
5-12 NX Sample size

13-1b IPR Number of Types Assumed. If IRM - 0, 6 analyses will
be done assuming 1, 2, 3, 4, 5, 6 types.

17-20 lIERN Maximum Number of iterations. If blank, ITERM is set
to 50.

21-2d %ONV Criterion of Convergence which all parameters must
satisfy between successive iterations. If blank,
CONV is set to .0001.

29-32 IRUN -1 if every iteration is printed, - 0 if onrv the last
iteratvln is printed

33-36 W1F9 =0 if successive substitutions is used ÷1. +2, +3.
if various Newton-Raphson methods are ud.-

37-40 IDUMP rhe number of preliminary iterations by successive
Eubstittitions before Newton-Raphson iteration for
NiTII - .1, -2, or -3.

3. Variable Format Card. This is an ordinary FORTRAN Variable
Format Card according to whIch-thn ;ata will be read.

4. Data Deck
N nets of one or more cards per individual.

S Initia) Estimates of Parametars(optional)
(a) Estimate control card

Cols 1-4 a K a TYPE # (1 through 6)
Cols 5-8 - Ak a Proportion of population of type K

(all 4 digits assurmed after decimal
point)

(b) hea..s for type K
8 digits per mean, last 4 digits assumed aftvr decimal point.

(c) Standard deviations for type K (same format as (b))
(d) Correlation matrix for type K (I row per card, same format

as (b))
(e) Estimate control card for another type, etc.

A blank card terminates the rading of initial estimates. If
no initial estimates are to Go read, one blni1•ard must We read. The
sets of initial estimates do not have to be present for all types. For
example, a set of initial estimates for type S may be followed by a set
for type 3 followed by a blank card. If any initial parameters are read



for a given cype. all parameters must be read for that type. For
example, initial estimates of means for type 3 must be followad by
initial estimates of standard deviations and correlations for vype 3.

If no initial estimates of parameters are read in, the computer
will generate its own by a clustering procedure.

Multiple runs may be made at one time by placing one batch of
input cards 1A(l) to A(S)j followed by another batch. The last batch
of data must be followed by two blank cards.

8. Recommended typical usage.
Under most conditioas, the control card A-2 will be blank in all

but the first 12 columns. The composition of the input will be:

Title Card
Control Card (Cols 1-12 only)
Variable Format Card
Data Cards
3 blank cards.

Another highly successful set of control parameters is METH - -1 or -2
with IDUMP z 40

C. Outp (Tape No 2)
The natural logarithm of the likelihood is printed for each

N r
iteration: kil loR f(xk) - N( s As - 1). If the likelihood on an

iteration is not greater than that on all previaus iterations, the
computer prints out"Iteration--diverges". The parameters for each
type are printed out on either the last iteration or on every iter-
ation, depending on the value of IRUN. At the end of the last iter-
atioi, the probabilities of tfpe membership for each individual,
A 5(zk ). are printed. If sense switch 3 is down, the computer dumps

ouc the moments tuipab) and the matrices ioi') and (o j) following

subroutine NO#.PiNT, the matrix A of coefficients of the Newton-Raphson

iteration and the vector i-f ) following subroutine NEWTON, and the
matrices A"1 and the vector { p ) following the subroutine 4ATINV.

D. Iiasq &mtJmtes.
Fo- ;ETII a 0, time per iteration in seconds is

T w A4 N (m*l)(m.2)(r~l)
For HETI, 0. time per iteration in seconds is

T a .0075 (m+l)(m*2)(m+3)(m*4)(r+l)(r.2)N

O 00002((m+l)(m+2)rJ 3N

A typical run with h - 22S. r a 1, 2, 3. 4, S. 6, m * 2 required
50 minutes by METrl a 0 on the CDC 1604.

ff±_ _ __ _ _ _ _



E. Suggestions for reducing running time.
1, By intuition, cluster analysis of variables, factor analysis,

or any other means, reduce the number of variables to those that are
really important for discriminating types.

2. Use any good prior information from theoretical hypotheses or
any other classification-clustering procedures to provide initial esti-
mates.

3. If you have a large sample, say 10,000, don't run it all at
once. Take a small sample, say 100 to 200 cases at random and run an
analysis using a weak convergence criterion, say .Ql. Get an idea of
how many types there are and some initial estimates from the small
sample. Run the entre set of data using these initial estimates on
specified numbers of types. The hypothesis ifr that there are r types

can h1 tested against the alternative, •I that there are r-1 types by
the X test r-1

X 2 -2 loj A * 2(L - Lr)
%i.f. r r-1

with u.f. * (m+l)(m*2)/2

where L r likelihood printed for r types. Thus the

X 2 test of the likelihood ratio on the small sample may give a good
guess as to how many typts there are. A final test on the entire sample
could be performed specifying r, r~l, and r-l types on the runs, where
r is the hypothesized number of types.

VI ELamie - Artifical Clusters

To test this' pRogram, an example was constructed consisting of three
artifical clusters in two dimensions. The points in each cluster were
generated by a pseudo-random normal deviate generator. The character-
istics of each cluster are given in Table I below. The results of the
computer printout are summarized in 'able 2. The points are plotted in
Figure 1. The 7S points in Cluster I are designated by triangles in
Figure 1, the SO points in Cluster 2 are designated by squares, and the
100 points in Cluster 3 are designated by circles. Drawn around some
of the squares, circles, and triangles are larger squares, circles and
triangles. The larger symbols give the classification assigned by the
computer program with 3 specified types. If a point does not have two
symbols around it, it was correctly classified by the computer. It is
evident from the figure that most points were correctly classified, and
the computer's type- ',ave clear cut boundaries whereas the actual
6Austers overlap t, Aoma degree.



"TABLE 1
Characteristics o" Artificial Clusters

Cluster 1 Cluster 2 Cluster 3

uinbcr/225 .333 .222 .444

MEANS .05 -1.33 -. 83 1.64 1.41 .85

S.D. 's 1.26 .49 .87 1.04 .92 .97

r1)2 .1590 .4040 .4743

TABLE 2
Charac:eristics of Types from Cumputor Program

Type 2 Type 3 Type 1

S.346 .170 .484

Means .20 -1.31 -1.11 1.79 1.19 .93

S.D. 's 1.28 ,5( .33 1.12 1,04 .91

r12 .2462 .7168 .5231



A C LV "
4.0 L "&FS J __

S. . . . .. 0 ... . . . . . . ...... . . . . . . . .... .. .5 rI .. ........ .. .

I tI -tf

2.0--

0.5

.. . . . . . . .. ... :

*. . . . . . .4 ' ' ..**. . ........
. .. . ...... ....•.. . .....

7, . .. . . . . . . . ...
....': : : .. . " i . . :! .. . . .

* +

-3.0 p - 2. .-2...0 - ; I -1,0 - 0 . . 5 .. .. 0 .5...

:i t : : :- : : ! . . . .: . , . . . . . . . .. . " t .. ..... . I ++
-I . .." . .. . . ..... . .. ..

-VIA. 0 -2 .5 ... ....0 il. .. . .. . .... Lo.5 .o .5 . 0 ,



TABLE 3

Likelihoods and X2 for Numbers of Types

Number Natural Logarithm X2 (with 6d.f.)

of Typcs oa Like!.'..-. -2(L - .R-) P

1 -380.48930

2 -358.%6468 43.04924 .114 X 10.6

3 -340.36400 37.20136 .161 X 10'5

4 -334.83078 11.0,644 .863 X 10"1

5 -325.63847 18.38462 .534 X 10'2

6 -318.02872 15.21950 .186 X 10'1

The data cards for input are listed in Section B and ths: output is given
in Section C.

A previous run with ME1l a 0, 0.1R a 0 (not given here) Savo the likeli-
hoods for I tQ 6 types. These are presented in Table 3, along with associated

X2 values. The reoults indicate that the hypothesis that there are only two
types can be rejected against the hypothesis that there are three types; but
the hypothesis that there are three tyTes cannot be rejected against the alter-
native that there are fo••r types.

In order to save space An this report, only a run with 11M a 3 is given
in Sections 3 and C.

The method used was METII e -1, which has 10 preliminary iteratios 4y
successive substitutions followed bi Newton-Raphson iteration. The previous
unpublished run with METH * 0 took 4b iterations to converge, while the one
presented here took only M7. The difference can be attributed ta the superior
convergence rate of Nowton-Raphson methods. Hlowever, other coputer runs with
IRM a 0, METH a -1 and IDUMP a 10, 30g or 40 sometimes failed to converge at
all, once the Newton-Raphson procedure was started. If the likelihoods have
not coverged to 0.1 by the successive substitutions, then Newton-Raphson
iteration often fails. Thus the initial estimaes mist be quite ascurate if
Nowtoni-kaphson iteration is to work. So far the various methods .18 -2g -3p
appear to work equally well. 4'1 three converged is exactly 17 iterations in
the present examplo. The run reported here took 13 Ltnutes On the CDC 1604.

15



SECTION VI

A. '.isting of Input for Example



T-'' 2) z ukA~ik

2r4 2-5 o

0 -j-. 7 -'v2

0! 1-071;
-2 -4-13

2. A-?
4  i.19

0(.l.- 215 02

015-16 127

2.1-4-1,46 2

3' 4-14902

1123

1"3-191 "25
.04-113 236
1,2-129 t137

2k3d-161 039
-076-055 u39

-0 '-120 03!.
-I!3-104 '032

-21 6-07 04433

0346

-011-139 136



7 - ",

4~ A

"4.-15 6

i.:)-156 7

04:-i 18 71

1 l 7

1 6-1 74 7s

I ~- ̂ 1631

7 •., !-1 76

-18

7 -4 1-7o

1714

17 ¶4 n7b

774 182 89

71 90• q

'I-" 92
1''317 Q '

-115 ?4,2 94,

-21Q 21 83)

-17'4 331 96
25 312 97



41 r98 96
14 F) 5 go99

-101 280 100
-22-nI 101

9? 11 02
-235 VS3 103
-186 ls 104

18 0894 105
-215 128 106

45 400 107
49-.-.- 106

-161 288 109
7 143 110

-111 062 111
11 ill 112
90 066 113
34 112 114

-113 1M 119
11 196 116
iI 071 117

-166 130 li1
106 240 119

-103 10' 120
40 176 121

-)38 Is7 122
11 22! 12)
12 391 124

-101 165 12l
63-027 126

131 140 12?
62 052 1:A

275 092 129
10? 042 130
208 306 131

38 105 132
216 137 133
111-150 134
119 147 135

2? 110 136
14 190 157
60-04* 1M

240 179 139
161 20% 140
141 08 141

66 061 142
7 121 141

134 111 144
1il 200 149
210 103 147
160 025 14?



13 13,1
1. -)?1 148

?14 107 149
115 174 ISO
224-I '151
2j4 224 152
103-012 153

9-0.9 154
56 056 ISS

141 125. 156

IM9 I06 IS8
261 163 1S9
205 jig 160
!41 126 161
I59 2S. 162
110 187 163
119 074 164
2,1 038 165

23 083 16u
322 093 16?

II 119 163
S-14? %169

111 117 170
10-026 171

112 040 172
106 029 173
211 093 174
146 116 175

23 Iis 176
6' 027 177

136 083 176
79 059 179
2-020 160

31-069 11
139 092 182
267 217 183
44-002 184

241 165 18S
179 160 186
96 079 187
so 009 168

221 1I8 189
2S2 lO 190
222 117 191
63-02? 192

14' 076 193
1M 316 194
!97 270 195
25-095 196

197

20



201 200 196
80 110 199

175 122 200
213 225 201
245 167 202
261 i%1 203
23-018 204

169 022 205
218 169 206
226 261 207
96 016 200

259 197 209
31 032 210

112 14W 211
38S 246 212
306-035 213
242-010 214
142 106 21S
ISM-102?1
107 076 217
24-054 216

144 064 219
324 046 220
62-022 221
163 03? 222

S1-Oso 223
162 071 224
175-143 225

GLANKO0A
BLANKOC
SLANKOO-

'a



SECTION VI

s. Computer Printout for Example



I IrFQ Ar I K t IKF L IW.1 Orl I~ T Y' c I TsIS ;a -PL E * .237192E*03I FmRA TJ I ,tIKý HML Iw J r) m v TPpF It 1 K S $A-PLE * ..S7190~4e;. o
1 rFRAT Io. nh. -1 I t l9L I WOor, n',' TYPpq IN IWIS SAmPLE s. 3617d41SIEONF3
1 rFRA1IOP. 4, t I9FL.I4flC.n OF 1 V~F q I TNT% SAMPLE a* .6406P0
1 TmArI iOki SJ. L I F-L IWUOD I'F A I JI Tb.IR %A"PLE a* *. Au94Sofir-o3
I TFA T rI n A. TI t-LIwon o; 'I I ~YVFr Ip N Tw~q fAP4PLE u o.35693¶92Efoo
IpIFPATIln% 7,. I t.ixLwflnr. ar I-~ y4qIN Twit. SAKPL6 a s.. 4 S27bj142P*o3
ITFkATIflP A. LITI-LImolor, nFA TYIJpq IN T'WIS SA"PLE a v.A"&9ol14P*o3
ITp~wATION 9. LINE~loonnrr nF 4 TYPQ IN '-ItS %*mPLE a* .4105F0
ITFRAlIUN lus LTMFLImaO~r MF % T'VPPq IN Tw4J SA'4LE a s.a.147602?Ip.
I'FRATION 11. LIKI(iLIWOOT) OF I TYPI'; IN 7WIR SAMPLE a o..S'3S1j"6p.a3
II fm*T ION. 17, l~mLlmwOn OF I~ aYF, I~'; N~ '.ivq SAM'PLE a a.3M 2APooll
!tPAATinN~ il tV!vFRGFS
ITFRATIONi 11 mnl I IK WOC OF a YVP~q I% ToIlS SA MPLE a s.34ý731610*oa3
ITFRA7ION' 14. 1 110LIWOfl I F I Tylfq I N TwIl SUMPLE a v. 14 uA4O230*fll
I TFNATj~ I O 13 I 1I1w000 OF a TYPpqI h 1"iS SAMPLE a %.34C37i7?PPA3
ITFUATIOw~ 1A. LIKEI IHOv OF Ir T YPq IN TaIlS S414PLI s *4360F
1 TpRAT I ow 17, I.Ixt.LlmoflO OF I TYPpq .IhT I S SAMPLk, a s.340164O0Pollo

23



%A*! P L F S!ZF 37

,,jM~ m 3 F VA'4!AIL"S

PJ-4 H P OF TYPP-, I

I ~j. T N %i I m H 17

L K bL IWH 0 tr' F 1 q IN T i.I S~. S ' jL -r

1. 7

CC0Rfr-LAT 'OKb
I o *1849

.1849 .9r

f*,NA RAC T F W1S I L f" O T v Pý

b4P P~ntPOWO% fl4 T64F 0,PiLA II U'i V'40F m bI S 7YI~t a .484

I. 4 .91
24



1.0nuo .5231
.5231 1.1oon

CHARACYERISTICq or TYpf 2

THE PROPORTION OF TWO POP,,LATIOti r"00 T1418 TyPt a -346

.20 -1.31

STANDARD DIVIATiONIS.
1.2609

COm"ELAT IONS
1.0~000 26

CHARACTIRISTICS OF TYPO 3

TO@ PROPORTION OF tug PIOPA0104 rMOO TMIS TYP6

01.11 1.79

STANDARD DvIVATI@#.s
.63 !.It

00441LAT IONS

1191 .1.qog



i

24 e 1

52 9

41 . ( A 4

A ~ * Av4 , *;1A

~~~4~' A~u *;*

*~ mc

-'7 9v

4 ps -47

864 ., 3 4 kI-

*e:% t 7v i I g~ t)* pv
3*2 *, ~ *~q*



62 u (I .99's Yo
63 .030 .96 4 n u
64 .34 7 .626 .• 3 1

6b .ý-(t17 ,9fl3 il 0U
66 VIjA .964 * ;lu

6? .137 .A63 .',

'.8 .74A .254 11ý

7, .217 .743 (1
71 nn7l7 .993 .U
72 .D14 .96f .0OU
73 .UO4 .996 .,IOU
74 .144 .815 . '0

75 .011. .9S4 . "00
7 h . s, . 1 . Al oa 4

77 .rpn • .ona g98Ir

79 ,99P *i -,
8.3 1f4; .10 .958

42 .)21 ou6 .961

A3 .11? .'11 .982

85 -Oan , l. 1,'00
a6 .01S ,0 00 .096
87 .00 M0l) .911
88 .927 .0c• .n73
89 .009 .000 .991
90 .094 . 30 .06

91 OO~A .0111 '994
92 .9fA .066 mn2l
93 .001 .0s0 .999
94 .acn .A000 1.,OU
95 0003 .a0ou ,97
96 .04 .001 .944

97 ,nnp .000 ,998
96 .706 .000 .212

99 0963 soot .n06
100 .00n .000 1.6AO
101 .OD0 .001 .941
102 .$CIA 000 ,984

lo3 .014 .oco .196
104 #00GA 640 .994

IDS .90fi 0000 .140
106 .$W• .009 .998
l07 6001 .600 .999
106 .919 .073 .ID0

109 *COn ,oflO 1.nOo
110 .G1n .000 .190
111 .169 .000 .031
112 .679 .0on ..21
113 ,477 ,000 .923
114 .909 .000 .ol0

116 .09d .000 .406
J17 ,991 .000 .009
11 @004 .000 .996
119 ,984 .000 ,016
120 o000 .000 ,991

121 .16ft .O0o ,440
122 .007 *Ono .093
123 .10D ,000 ,694
124 .oon .000 1.100
129 .011 ,.03 .949
126 .6ne .

27 co)M e-tft vvau Li



17 ?, 11 - . n' . j, . .... Il,I

l28 .99Q .
1 2 9 1 .9 : ) A L . ",r, ". + ,, '

132 .99 J, .

13 t) .997 .. J) . 13
133 1 .. . '

136 *991 .J,•c *.;

.3; 3. ' * O, +

138 .477 *;u
139 . .. ,

"1.4 1 1 , . + ,0, ;+ ,'

142 .9Q9 0 .

14A, .,,'R A 1•1• 7i
144 1.H 0
145 1. .+,m .n

14h .• 7 ,, Jn . ,.
149 . 987 ,.j ,
14Ai *994 .*%A

149 .(097 .~' .

15d, 1,, . , ,

1534 ?If#~ I J.

15. . 45 4 i,,-)

1I 3 .990 * jn). ,

15 1.j• I :"'• . *' L

L61 ~~i Lif *

164 1.'"n U *

164 1,,'1n o•', * ru

165 1 .r9. ,U ,
WA .9919 . , ') J .., b

16/ .997 uLf I I
16" 1. 1• .. ,• L i iu

16 q ,9A1 1 * 1n

17, .63A .362 0,11f)

172 0 J .1,9" ".00

17. 1 .. 'n. ,*,n• * "

17P 1,n,,l ,'nI , *

177 .99n ."2.,
174 991 7,n/ ,

179 5 . o.in ,'j, ,
17 9, 9I .1 On 1,hI

177i .6" .132 .2,I.

183 19. .k ,r,. •
179 . ,1 ,,v 0 n -n (I't

1t87 1.• rio ,3 * :

In(., .I, i•rj A •.I . ,

1119 , *m7 .132" '.

193 1.• ,rf t 1. .1ip 1.1r *l . 3 6

192 1 . V.1 1:m2 e C P
2 '": "'"Best Available Cop



193 .7.214 .
104 1.vol .JO3 • ell

195 .A97 f1J.t . t3

I 7 .151. •• .•flfl
19R 1.Llf .t, ,A'O

1,99 1.- 0) ,u q n i•tl

2to 1 - C. n .JCI .. 0VlV
2n'. 1.L, .n 3 - 100

202 1. L I M . ln'1 i A (I

203 1•fij n .O011 .nOo
2C,4 .7A .123 .•IJt

205 .970 * 021 .noo
2nA 1.1:0n .oro * iInt
2 q 7 I . I. f C. , . 0 . , n '" i

2v8 ,985 .015
209 1. Lt . kl .10o
210 ,992 .005 .tO0
2!1l I. DA,1 .0 001 .,n AU

212 1.onn .000 .,tlO
213 .13q .669 ,.100

214 .700 .291 .nriO
215 1 , (An .. 1 ,o(, .1'c
206 ,04t .1999 nnt
217 I.ono .300 .,,to

216 .SnA .494 $0110

219 .99, .001 .nflo

220 .98ý .,jig .000.
221 .833 .167 ,nO0

222 .994 .005 .600

233 S534 .462 .nOo
214 1.000 .00.)
23, . .OWn ,993 ,iOt

I I- I Copy

29



VII Fortran Program Listing



DImFNS10 O.,.76

D10MPNS10k FmT(12) TVPIIOO04
C Xm, I.?. PEiR. PESAV. COYV.COYIN. ALPA..Jit Tk#4#GsV s oA.4Vo RECORD, DTYP600OE

.?PW.!a.!L.!TFR.PROUM0ET64.I3US Typ§0007
iOIJTVALE'NC9 (XRA4.'). (AomAT.'1) 1*10PEIOC

I READ INdPUT TAPF 3.1 !..gApCJRV.ae2W.4NtWIE(CNVt~TP0U
!&wON. IDUMs TvPI'i010

in1 FPIORAT(12AA/Id,1. I..I4.FO.P.314) TYP1O0lI

C "NuNUMIER tMV VARIABLES. TYPGOSI3
C THE. PROGRAM READS AATCNVý OF DATA UNTIL 2' WLAkK CARDS ARE IhOUNTETYP60OI

4

C 1060. Typs 0019

2 IF('YESMO13.394 TYPIvOOI

G ITLkS0uMAXIMU14 %um"PE OF PERMISRAULE ITERATIONS. TYPSO0l?

3 !TEP"895. I IPI001.
4Ir(C'UNvIS.q.O TYPIC 019

c COUJVoCRIPSRION Or CONVGPGFN~CF, WHNICH ALL PARA141T10S MUST 3ATIUFY SITYPIG0IS
C 1TWEI'. SUjCCPSSIVE ITtRAlIONS. TYPIS1110

5 Cowym o.Gnqi TYPI100ta
* WX*411*1 TYPI6002)
REWIND A TYPNOI114
~tXk.Nx TYP600IS

LWU1l TYPSO 029
**AD INPUT TAPE 3.i12.fFWTII).'U2.13 ?YP§OO34

'ev rommATI12AA) 1064431I
7 CALL LCqUt0,NRNNTNN.OO TYPI1S31

00 6 JuloLflUS TTPISSI)

G READ INPUT TAPE 3.PW?.I1IoJjt19 NEIv Tv"**34

L16111*1TYPIS 036
DO 9 J181004vO.NIV3

r XIAPS2IAPPIP Of UP 10 1IJC CAP,&$ USED Fel 141TIAL ISTINAYIS 4W P~AauTYPSSS9

lU CALL INITIAL itYtoo$S
14414" ITy0,6446

1 R;4IJ9NUIs OP Types AssuaID. IF 1404600 6 DIFFIll"T WILYlSS All1 16
C DoffsASSUMNG INtS IP1 T 1

IF 11140111.11012 11Y,01611
108140IR1 TY06O44O

it10 1110141 TyP§61e9
NETWSROTTYosses$



KIAGIR TYPGoO9j
'KLXuG IMlIw I#1*) )/2 TVP60092
~JATME a 1Mv¶.(MN1.jIwI%9/11 TVPICU93

C PFRS1K)au~P8APRT1% OF POPULATION Or TYPI 4- Typecesd
Do 903 Ku2.iu1 TYPEcoss
Ire IMN)13-1.3-91? TYPIOD96

911 IFIP60SMN)13.13.913 TYPIOSQ9
13 PEPSINI.1.,xIP TvP68096

913 COiNTIN~UE TYPIOS99
ITEP80 TYSEO060
ID1van TYPE 0001
PROAm*In~f4As76.,!Gwu TYPI0062

I(TIfil35u-.39ni-3901 ?YP§OOAI
39eaTYDG 0049

40 TO 340 TY01o006
3901 CALL 040006% TY060007

WRITS OUTP11T TAPE 2.9916.ITER.lIftPUoe TYPIo00@
9910 FOOM47(1014 ITERATION 13.i5wo LIKIELIWEOD Or-. 1391310 TTP1, IN ThIS EATYPOgOS6

IMPLF 8140 TYPO607(
IrIPSMO.PRo9A1346. J47.347 TYP60073

346 IDIVOIDI~ol TYPE 0072
ITEPASIT00.1 TYPE 007 :
smItI. OUTPIIT TAPE 2.9915,1764A TYSOo074

9919 FOhewATe1~w ITERATIONi 13.9m DIvFlGES1 TTSOI079
Do '44S Nmi*.4ATwE TYPEOO7t

3449 SIN)a.S094gK TYPI0077
Jr. JIV-1)1115034'0.1A5 TYPO60476

344600D 3447 RAmiJAWE TY010oTI
3447 SIm) 061N) ITYPSOOS

Go TV Its TYPIOSSI
347 IDIVIG TYPE61oSO

ir~mly%1344. 346,340 YYP140SI
344 IrIITESID,,WP)~ 344,,344#3444 ?yP8006a

3444 "ITweauETw TYP60gEE
C IDU1WPG TME t.UWSEE Or PRILIWINARY ITISATI~kE Iy SUCC68m1Iv TYPGOgOI

c SUUPTITtITIA141 afrelas "IWOW.AP14EOW ITEUATION rop *694461.0u004 03TTPIOO67
'40 PRoIo.'mom TV01geSI

IFIgiENS SwITCw 3t349,249 TV010641
149 WRITS OUTP11T TAPP 209910 TV010090

WPITV OUTPOIT TAPE 2.94IVIJ.S.II.I.J W)TNO10091
WRITE 4U'PooT T?&Of 1.II~I..)I~~~~U.U~N¶~1 TYPE009I
"WAIs OuTP,,T TAPP .94eI0II.~II1W)d2l)u1I1 TV0114194

249 CONT11wul TYTO,699
1i4 CALL NIOTON TYPESO99

IF4giw11 %s!TCW3) 39 us4g, T10E4097
Ignl "*IT& flUTP11T Taps 20091X TY1PEG090

tell FORMAT17I. .pWTfi) TIP1OO99
WWýiI tH.JIT TAPS 2,9914.IIAEI.JIul.iljATNII..,ulJATWII TYP6014c



WRITF OUTPoiT TAPE 2.9914,I(.m111.J8sATNXI TY1116ISI

?5 ji CO)NT I NU TY106110
IF(VjTw) 115a115,24 6 TYPS0ISI

c lir mF~w a ft.SU(eCEqSIVE SiiRST ITill ION 1S USETgOTMEOWIISI TYPGIOS~
C IEEWTON-PAPwSONt !TFNATIO0w. TYPEI1e

744 CALL NATINV(A#JATMW.U.1.l#A3 TYPIuIg?
IFiSENSE SwITCW31 391,291 typecgos

351 WRITE OUTPioT TAPE 2.9912 TY*UGIOI
toll UORMATI7W MATINvI TYPIOIIS1

WRITE OUTP11T TAPE 2o9914.(IAUI.JleIUleJATHNW.Jml.JATWX)I TYP28iil
WRITE OUTPuT TAPE 2@9914,19S111lmIlaJATUP1 1YE10,141

ps1 CONT I NuE 11044113
115 CALL PAP"Sftk TIPGOI14

C IF IMUNsO.MNLY THP LAST ITSMA11,14 It PRINTED. I-01
19 CALL RISULT T,040117
16 IF(ITROITPRO)17.t9.19 TYP161IS
1? DO 1$ Uml.,IATPN1,411

TAs~vqK1 TP1ID
IFTAuAU NVIITalla,14IU

le CONTINUE 110141133
to :p(InmUW 21.2nul TY06010
10 CALL OESULT TYP0,641911 CALL PLACE uip~esso

to IF1I4061e1i 01 I m
13 IND FILI I PS

CALL EHIT 'ToM$11I

33



SUROGORNF INITIAL V YPIP'132
DIMFNSIO'ky*nr y~e~,.5~ )A~S7.O4..~CVNItE33

226). 6v( i?At NiUarit 2 1SmSv( I.w9AM IS. I p~lMATIqI n.1nt TVP60135

?PlqmIX. ID. TFR.P0Am.wETw. bUMP VYPIO131
EOUIVALENCO IXSAP.Vls. A..iAV.X) TYPED139

T~g UUO'IIE ETRMPS INIIAL TSjAYI OFTE MEANS AND COVAVYP 0140
' IRTANCES OF TWE TYPFS NY APPLYINjG A CLUSTGOINS PROCEDURE TO A SAMPLTYPIO141

C 7 OF UP TO !to CAnSE. TVYPfei'
C FIA4,T TWE qA"PLF MEANS AND COVARIANCES1 ANN DITERMINVD. VYPE0I43

XL ZuLX TVY'Eo
DO 22 Iml.wx TVYRE5145
AV(I.1)SL.. VYP~t9146
DO I KeUidY TVYP§O47

I AVyIjjex*AVt I.j)*qAM6I.#) TVYP10IA
22 AV(II.)9AweI.I)/X(X TYPIE0149

00 3 IsX.mv TYPlosso
00 3 j@I#Mw VYPEDISI
COvII*Js1)a,. type 0193
DO 2 98%#LW TV1P0o193

2 COV(I..J.1)uCOV(I.j.1).ESAM6I.EINUSAWIj.K) VYPoI0SA
COV(I&J.1)uCDV( I-J11)iKLvV.AVE!,1)AVIJ.l 3) ypsoIss

3 Ccv~j#I.l)mCOvi .j-i) VYPEI019
00 4 Islomy TYPEI019

C AN LX @V LW MATRIX IS COMPUYOfl. AN ILEME4NT CORMISPOkDI46 TO A PAIRTV10PSOIS
C I Of POINTS IS q IF AND 0410 If *tyw POINTS LIE WITWIN A 801) 110681 VYP§OISS
c 2 SID6S ARF CoNE SI'bIP) A 'V LONG. TVYP1o1A

IOVGCOVI 1I.1.) VYPSO16l
' 111)(a41100rtSI)VI VYPS0161

DO 7 MSI@Iv TYPI.163
DO 7 Lemloil TV020164
DO 9 hulpo VYPIC169

TYPE 01"

"MAyfLON)el TYPE 0170
M4ATtK#0l~s tYPO0171
Go TL' 7 tIP1017t
S MAT(Looln)f t11111017
"NAVINLler. tYP§@174

7 CONT4INUS V ype 017
DO 34 "p TYPI10I7O

C THEI C&NYROID Or A CLUSTER IS THI P014T WITH TWII SNIAtEST %U08ER OFTYPI14177
C iOTWpa POINTS IN a now *RliJNoo ITS tYPle 017

CF14T Iq 140E IfOF firVw PMI#SV Or OPP.ATIST 96ENITV IS POueOD. Tog VYOTVPIIgI79
C 16 ASEAN, ARP IMF C0*0ORD1tAT&S Or 146 1006Nbl? POINT. TypeoIso

RAWst TV0IOIOI
DO 1! volooW 11010161
Lls ' TYP4 1016
D0 A LolsLW tV105OIS4

34



I F i4-MAU1 .' .9 TPGS

III CONI'41le TypeoIO9

AV (I I G~Wq 4041L AN I TYPE 0193
DO 711olm TVPIoIQ9I

CoviolsiservijoollTYPE ui9"
Ii Cov(ij.Np.(covfJo!.W) TVP10i94

DO 1 N KIs ( v TvP10I99
t0INATEK@1AK1)i4si4ojp TYP10196

12 DO 13 Lh11,11 TYPE@197
V3 MATIK.L0u, TYPOI196

c ALL. PRIVIORLY CLI1TIVIEDS POItt~ ARF hRASS. TkP C&OSTROIDOFo TWA METYPoIG99
c INT CL.UMPThS Ug WILI SI TH* POWt. WITIO. Tw6 O SATFST 41104810 OF POIVTYPEOSSO
C 2IOIIILY UINCIUSYPPED P614yTq WLIM14% A RON AUNiOWO It- TYPSOIOIs

Do 1) t8a0141 TYPE 5G33

11 Atitile CavEilsj.l ?TYP6914
CALL MATIIOW A.Usayse.0DAI ITYP64116

DO 16 Rai.? TV1068019
PERSIMISM.-I typeogig
DET141111111 Di TV selil
DO 16 101'"1 se~gll

c . 1:1 0100S¶.P q 41AOR IN INITIAL PITINAMI UNTIL A SLAWN CARD T00I

C Is ItiCOU101TSRED. 1Y14EI6
1? ROAD INPUT lIP1 3ols" ?Y"060a1
ui PORPAT,4.,AF.41 TV"# lit

PE~INMSDA
ROAD INPUT TAPE .3.FlIP.s.1
READ INPUT TAP$ S*lE3s49111E1iesfiui TV~g@

*13 PORWAl IMV.41 TPel
60 is jetiesu TVPOI
REAO INPUT TAPE .3.IvI4R.,.N TtP0gt
Do '9 1.1.'!v ?1060117

cove~j~wucoq .jIhsmq~ugqJTYPE *pu
1 It ,~CvIJN Tv"110~

CALL 11004481,3~iDA
ADISAIIISF410ASN 11"0141
DA.ISWTU gADIDAt uAD T 0031l
01TERIOIuS61A ?TV SeSI
Do to 010111 T`11,00114
Do to Jel."'730a

to COVIM.IS.OJOvAuI0j) 0
SO TO 17 ""111?

11 Attu""WN1,3
St.0 ..10. 00. "P TYP81ESO

.36



SIJRPOUTI'NF DENq!Tv TYPE0240
DI'4FNSION Y5,3-'ý,7), *o,.DF7 .PERSri7)sAV(5.7))COv(5,5.71,COV!N(5TYPEO241

COmoU1N x.7.PEF4.PERS. AV.CO)V.COVTNALPW4ADETERM.GVsA,9,RV.RECORDsSDTYPE02d4
1,MX, MX1,!.XIR. IPl~,JMNX, KLX .NV. NJATMX.CONV, ITERMALE a XqAM.MAT .ETYPE-0245
2PW.TIXp IDo ITFR, PDORME T4# ! OU TYPE0246
EoulvýýLENCP IYSAw'.V), IA,wATm) TYPED247

c FOR CURRENT ESTIKATES OF TwE P&RAMETFRS, TwIS ROUTINE COMPUTES. TYPED246
C ALPWA(KEMIILTIVARIATE NC~mAI. 0lýNSITY FOR TYPE X AT POINT y. TYP§0249
C EPHaCSNS21'v AT 7 FOR THE ~K:TUQE OF 014.TRISUTIONS TYP60250
c G(IK)*AL!'NA/EPH AT POINT 7. TYPE0251.

DO 3 Ko2,aio TYPE0252
AL. m. TYPS0253
D0 2 IS1.mv TYPE 0254
lA. tel TYPE029S

I01~J TYPE ot57
1 ALuALCOM.v1PJ.I.~.i7K6(( th )-AvtI K))ug(.1.V(2) TYPE0256

3 ALPHA (K)a DTE7RN "A.F~X0FtAL) TYP60259
E. )Woo. TYPE0260
0o 4 Kep,;Pl ?YP§0261.

4 LkP~smPW*PEOSjK).Al.UwA(K~) TYPE0262
DC 9 Ke~pTuj TYP902b3

5 Gj(KleAL9HA(Kli/Pw TYPED264
G(I~ml.TYPI0269

C T14E ADD)IT InN OF A tOlý w m V PE or CENSITY Got SINPLIFIES TMp CONPUTATYPOg166
C ITION OF LOwEP flRDC' wOP4ENTS w!IN ONE OR MORE TYPES OMItTED1. TYPEoW6

RETURN TYPIc26S
TYPIC269

36
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SUNO0UTI'NE MOPFNT TYPE 0370
DIMENSION q.'~.ChFE7.PRI)AVS7.O(..)CV~~TP07

2PM. II. ID. IT6R.PmOU.MEN. bUMP TPO7
6GUIVAL64CP IAWV.AWTW)TYPE 3177

c TwIS *ouTIwS CflwPuTES TOP GfikERALIZED 0MOMW9aTl VtIJMftoKL ram VARIATYP6O178
C INLES 1a.M". A%D N. AND TYPES K AND L. TlMI MOMENTS mkALLY wAVE SIX TYPIO3,9
c 2INDICES BUT APE STOWE AR A 7.nIPENSIONAL MATRIX. TRIA'4OULAO I'4061TYP60160
C 31NG IS US~n TO ELIMINATE OUPLIrAtION. TYPSI01I

00 1 im%81140%xTYPISESU1
DO 1 KLOI#KLV YIO6
IVliJMN.NL)m'. TYPOE344

MRMNSO TYPEORGS
C INIVIALIZE TYP60146

QEwI;4D 6 TYpEsSO
PaOS.NNN TYP102lOS
DO 10 No3ttmi Trpseso3O

le PmOsROse s.ewNUPlastIN TYP69SOS
I CALL SL@CNNUl3OOr.NRMN.NST.UEIWD.LONS) TYPIOSSI

RIAD TAPE 4.l1.J.1MW.J1OS yple~t
C TAPE 4 Is QlAD 1N SLOCNS or 3090 Cases. ITPIOI93

D0 17 XASI.LONG TVPSSI94
141)18.# TYPE StE

C THE ADDITIfiN of A DUMMYo VARIASlfoI SIMPLIFIll THE COMPUTATION ofOF TYP113
c lOWER 04060 "OMUNT OMITTING ONE o "OR ie VANIAGLIS. TvP2og97

DO 3 19u#14v Typtalts
3 ZttI.1)sU(KI.A TYPIeGO9

CALL DENSITY TYPE 0305
C PROOSSLINGLIMOOD OF SAMPLE TYP§0301

WNITI OUTP117 Tape 8111t0.IUDI.ppM TIP66314
'10 FORInAT#409M NISATIVE PROBASILITy 941NSITV PON OSlINVAT3@N 19#3" TTYPIS8OS

so TO 9 TYPISSE?
I Pmvg.PROS.LoOVIP 1P TYP11816

* Len TYP11319

11 SO 4 go1.131 ITP11SII
D0 4 LSION TYPIO3IS
41,841.03 T061413
OT1664418610I TYPGOS14
limmNo TyPUO310
Do 4 losW1.V TV0118IS

OTIOGY1041TY114417
go 4 Josef1 TV I tuo
ST3uST3.?iji TvP11SI9

2,



u~~~~ rl 4~ ý4 a3 I . C P1
uVn 4 MjTYPE03231

I myaI Jm . vin~

7 C010T I Ni i: TYPEfj32t

'~DOe I J--= I.U I TYPE0327

V ',N . L)m I Ki IJE 0329

L T y wý L 3 3

F rw Ms.1~ I~ o :I' L TYOE0333

Ji4N. 3. TYI~'1334

DoI id l~2-y TYPE1335

GTtwx ifll tI Fk TIY Ef33 7

is= VYPPkIj338

DO 14 jXI.T TYP~o338
v'IImN. KL I v ( 1\7 t j TYPEG339

JS ') S 0 J TYPE0340

I' 1 Jm N aI J01.. tyPE034

DO S Lx.'- TYPfLý342

GO lu 17 TYyPt 0345

ENO~( o1 il. 
TY E9 4

35



Pt,'NCT~klit~ I tA..jAMA.NA.0*dLA ) TYPE0347

1.5, 71 sALP6 DFT-Pm ?JWI1, G I?). I X(4) N #ID()odvI 12b;P &A 1126.126).9ITYPIO-349

2pmo ts .!Do TT.PF`0S.WEw IW DU04P T'VP60353
EOUlVALk~r!F TKAM Y). LwA. TI394
THIS~ wUkt?RF FlD THE Im~pEN tORMESPSONUIPS TO 6 Il~jICFS mY COtwPUTTYPLkO399

IING THE I ik01F 0$ THE 04 1 W MAT0[Wl v. TYPE'1396
lxii jAa TyPfo3S7
lX t p)8jA TYPEC33S
lX 3) sMA TYPf1n399
11(4)9%jA TYPI1'13&O
TgaE FIRST 4 lIhd)jCF APE PUT IN ORDER FROM SMALLEST TO LA0GIST TYPI10361
DO 3 ,I@1#4 TY06'1362

0A8002.. TYPI4363

1O Kulvil) TYP60365

Km SIXl TYPIC 367
KOul 2 TVP60367

2 COP4TINUP Iyp§0IS'
1I1811051 TYPI1370

3 IDiJISKAT TYPII0371
C THE LAIII P 1t4DIC6E1 ARf Pit! IN. MRT1fK FROM LARGIR TO IW4ALL66 TYP60372

If iKAojAl4.5o`5 TYPE 0373
4 KATmLA TTP110374
LAT9AA TYP100379
Go vU 6 TYPE o376

I) KATaKA TYPE 0377
LA TvLl TTPI0376

Olisoovul TYPE 0379
c THE APPROPRIATI 14DtCS Ofli T041 *OWIW? $40411 V ARE COMPUTFD. TYPIO340

DO a 18104 TYPIOI81
LPRal TYPIOUSS11
DO 7 Jolol VTYPI343

7 LP~efLP$6ffil~ht2*J)11J T101103O4
* JIJN* I ~4ioklPQ TypEOSss
MLIIPATviKAT*1I )I3LAT TV106O38O
UsVIIJ1WN.KI Typeolls7
RETURN TYPEO3111
fikoll0o*oIs 01 * i.)typoO3S9

30



h9NrYt iýn i al.! I I YI' 'w3go
(. NIC 14 JI:QT fp.ý (-^,L 0r *J;. 'A TYP* 1391

IF'(--Iu'.2.TYP&P392
I U(J-* tyPE-393
GMl 7; TYPI394
oký- TYP5'E 395

qF.1- TYPkoS396
E.~ N i TypI .397

40



7 nf -(I*I~ .!~ TYPhfrn398
D1wFS) 1 IF 1071)~ O'.F QS7A vf S. 7 .Ov i%a,%& 7 #env IN IOT YPE -399

10"4yf 0 1 )TYPE n4oi

E-Qtj~vAt I;M.-I rrig. TYPfA q

E10 IS A T90" WbI w APPEAQ', Ik '~sf. PARTIAL nEWIVATIIVt nrh TmwF l4&xImUTYP~ft4pb
c 1" .T0fiLli-nrn F1HiA'Inoyq koT- 'wE4ZJC? To1 T T'P! OE N.TP qt,

E f1 YPErq4,n
IL NIsIA-i l YPjn4A1 9

DO I InmIv YeI1

1 E1 aA * Mm VPU C I, V I I A I. IW.'I I P aIS).A v IIH &tP)1u f 1 1. 7 IY PEý4 12
l~oIP64 1 YPIi4 3

RED L.1. . I IyfPi n4 4

a I - o a I Pf 4 1



I it I p1 U v * I C *s T VP k -41
Io .r ' lp, €! ? t , i : . 4 , 1, . H f I TYP '4;8

-, kl.) 6i 4,.q• i ) p•.1.i . .~. 'p ' * * ( 1,9"(*1 .,*** !,. *, &( *. A*, .q gd41 rB( YIAb dl

*~-A .* '. r 1 . '. Tpe 4.9

6 X
1  

K t I. A.' TY' I * ki'A ' A t ia

.1. 1* . Tyv: 472

I ,* ,.'o .At I' ( I A *,4 I.. L PU N') * Uf
1

, 1 .ll b.. iTYUk 42 .

7r, w. f'' I.. 1I'flý I Q 10. T P 4,1

ra A1 1h s P1 'I T YI'b 4,)-

, ,, , * T I Yl , 4 o

It., loll, , d i"
al•i 1106 ,44 I li l 1,

I4 - j



ritir I I (IN ilgaVI I I. I ~ I P I A P '4.1 It )Yk4~

Ir(IA-1i1.IE i2Tjv44c

141V Qrmi'l C1.1.1. F To. nk~AT~ orToz'%mll-t I TIP&,.144s

Gn fl . Tvpan44t

In!" ~TVPJA449

in)IA 1'Ib. 1101 Type 045

0 Df OvsDPkmi. I PI aqI a j IA 1 S 1, 1 AP 1 Type 949

9 Df"Ven.sgaCsw TYPIO43*

Ott ito TYPh j457



311gBOuTIiNE NEIWTON TY0614599
DIM3*iSIONd ~

?26e.HV: 1261 FPOQn(jv S(f)INAPIS n c P 1. 1,* 1 TYPI0462
COW,.O4 '&I x7Pfk -PERS . Av .Cfv .C'V I No AiPwA. U IftS'4.Gm 0 &t L.4.V.s FC0qflSDTYPjfl463

EOIA;C TYPIiJ4*5
c TO II A fUT I k S ~TS A vP "4 N'rWTOk- -AAP*.SO% KATM1E E)U A I 10.,0 M Tmf CHTYPGA46 7
C IANGFS 1*4 YwF F& AmzVFS rna 1w; NkXT ITEjWA?1I)N. TYP60468

Hf~vXAASFtwFT*) TTPFI0469
C 046TW a *1 MR * IMPLIES qjm~l IFIED 66AXINUN.LIKELIHWAeI liouAT1ON TYPIM47 0
C %FTi a .? Me 1600 IMLPS rflmPi Fk lMAU1WtII4.LtKi~L!wnOO I-011ATtOtS TYPS0471
(1 94FgWO 03 MO -.4 10LI~ CM"P'L6,T EOUAIMN*S 'IJVjnfr' av 1uMS TYP§v9472

IfI~.w~47d~.3TYP6 0473
* AT¶ TYPE o474

Do 27 N62.101 TvpIq4?S
TYPE 47

Do 27 ju1.wx' TYPE 0477
UJSU'II1010.i.00W. nYS0
DO 27 I*J.wxi TYPE 079
UlSouUIflait.1.'(. TYPI0460
4ATei TYPI194S1
IATuIAT.1 TYPE9441

110 27 L*a?.,S TYPE 0433
Do P? *4m1.wxi TYPU1O44
go 27 wa.wiTYPI10469
4&T*.IAT*3 TYPI0496
TflMP§DFQVfl,JeWPM..L) TYPI104SJ
IEilet) 27.P7.0 TTPFI0466

0 6 TO r 1120-0.1 I."QfN TYPGn4g9
I, TW~sEWP~v~l' .).fl~idJ~l..W..LiTYPI 0 400

1rqj~ )2.' .~TYPI1491

SIN i.),,S~ TY310499
169 f t1)1..7 TYPI0406

GO us~ F7 TYPI0499

80 TV, P7 TYPa"9bi
17 liUIJio)2791'.iU TYP639030
14TwCvIq51.b~v.... TYPI 0 90 6

so I ?1 12 019411"A TYP05039
it IfPsTelluUfoS TYPESICE
1'Ir .12.if TYP§0967
P1 TIP.8 sauff" Typlgoso
Pf TfPapTfsPolfa ;YPU40o9
07 AfI?#AT..j*TsIPp Typsolla

Le TIP1i1g11
DO 33 ffusi'.t~i TYPI-19u2
LSLO1 TYPEI)313



@I L 101 . r*!JES TYPO I105
Do pq Im?,wul TYPE ,'5i0
LuL. 1 TYPEI497
DILmwAvfI I.jN TypE f91i
GO Ir (29.,>6024).14EN TYPIOSiI

28 UIL)UIL)',OS10 TypIO52rr

DO 33 Ja2.mxi TYPIaS26
DO 33 Isjouvi TYPO o~f.
LGL*1 TYP6 a524
60 TJI1 .:.E(TYPI1.1911

GO TO 33 TYPO nspf
31 *(L)UCOVI I-1.J-1.K).AV( -I&K.)uAVIJ-1.R) TYPO 0925
3.1 StL)GOLI-tl1.1. I.olJo~o) TYP60g530

GO TO (37#17&34)#MFK TYP§oS3I
34 WAOO TYPO 0931

DO 36 K@2#141 TYP()533
JATmu TYPO o5S4
DO 39 1S.41,11 TYPO oSIS
DO 39 keliooXl TYPE 0536
DO 35 016ho"ul TYPO p537
JAT*JATO1 TYPIO934
D9OV(39 I TYPS039

D0 o a. IjXI T11018941
JATGIT. TY069963

D0 36 L61041~ TYP61044
DO 36 We1.wul TYPOC9as
DO 36 maktall TYP10g546
.JA18JAT.1 TYP01994

36 AfIAT.JAT), AIA.AIIAUIAITP~SoW

41 Do 44 1910111T1O,,
DO 43 jt,DO~ YE05
AlgoiljaUiioloioloioiojio YPS

43 AfJotleAlt.I oASI

CALL PATIIVIA.IS.S.1.SAl 1 1999

Do #At mottlesTPIS

toL.1 Igloo# "m

eil$*I AV4101US.UIL) TYP"IlS

L0 St. ise 10019g43

60 TO 37 TYO ls
611D "YPie I



Sul. UTP4E R~SraTPoO

COMMNO UD7ePSa.PGSOeAV.CnMd.COv 1t.aLPMa.OiVIRW.G.V.Aod.,aV.SECOUD.SDTTYPES71

*SuIvaLINCP IqWV.(~A.v TYPIQ979
c NwIS RUuTINE ADDS THE APPOOPRlATI CNANGIS To THE PA'.ANIT64S To OITIy'P4097
C 3AIr. TwPIu UILUPS FOR THE %UET ITERATION. TYP0f0977

£flATel' TYPE 0576
1V4mfTwl3c.3u.23 TYPE aS?9

C NINVOON.IPhi3Ot ITF'UAT!Ok TyplesliC

C Spools%~ ?'CP5WE*4T VCTr4 UOTIL ALL PEOCWTASE A~b WITHIN IOUNDITYPEOROI

0 faai.~ TYPE A9eS

TYPEP9
so 1a49t.Wwt

C6U TYPE 904

SO 34t.er~v TP1g060

tamitp TYPE g999

efloovifi.R ea-I.N.e~t TYPI0619
50 to Juet#" TIP&gOgI
DO PSJOIOA4e0t Tvpbig61i

to "111&0~t, TYPSO0g?

gA~ AI~(A.U.NVi~A TYPOSO



SjeCrkSSjVF %UIqTIT,?irns. TYPI0E7o
VLmtA TYP60062l
"NI'a l TYPE D61I
SMOPTEN INCRE0ET VI-Cln 0P-T'L AL.L PEQCe*,TAGFS ARk wYilmt antimPSTYPIn013
DO 14 KuP.101 ?YPS0624
AgiA7e.PFPS(iKb/(2..SgI(K-l) TyptintsI
IrIARA?131. 3.10 4 TYPGA626

33 ANA? a AXA7 *-JQK1 TYPIE167
34 t~A~7At? ~ ~*TYPIA*25
15 AKAT*AEAZ TYPI162
31. C047 I NUE TYPE o63fi

IF(AKAT-.ml.r) 7 .39.39 TYPSA631
37 00 30 Val-IR TYPE 1631
36 0191BAKATM41N TfP~q1.33
30 DO 59 On d.141 TYPE0G634

DO 42 1.1."! TYPE @131
L*L.1 TYPE o137

47 AV1l*98K W109#84 TVI.lL TYPoG3
Do R2a inl.t tYPE ,1.39
LuLe 1 TYPE nS40

49 COYII&JsX)vCOV(I tJ#K).UIL) TVPO10.41

A( I .jtCOVq ISJOK) TYP9,1.43
Al'l. t Alt ..t TYPE 1.44

92 CONYINuI TYPE 0149
93 CALL NA3~Aw.v~D ~TYPE n141.

£BDmSS9ICASIDA TvpIO1.47

Do $4 tlelf" TV0~11.49
DO 44 J6l.Mt TYPEOOSo

44 Cov0'4t.jewmAhtej) TY01069I
sl CONTdltUI TYPESOSI

so to to IvPfg1.93
END TYPE i094



SUB8RUUTINF REMuLT TYPE 6S
Dlwb.I "flP I V5WI. lrý , 7! ) .1FR( I?, PERS I 71sAV f is7).CrOW114%. 71 .COVIN( STVPG0656

CtlmsouN N.7,pek~F., .AS.Cn n?4APAilP46V#*4wpEOY#DYE63

2Pw.!xoil,!TFm.PmOPmFT.'.IDU04P TYPSIA661
E~ru;VAL1EKC9 jXAAM.v ).fA.mAT.v) TY0110o62
THIS AflLT1.-F PQIITS OUT 'WE VAQAA*~Tk*S UESCRIMIIP EACH tYSEr. TYPI-166

¶ rlR*y(~11~.ANA~t~I.L~~ub.OlDANALY1514 OF TYPFSi/4v~llA6) fVPE 1664
~ FlRA(bu.1 p3,hiI4DATETCSOF THE NNOLO SAMPL~lid3w) Tp:6

I FOR,.ATE3WI*//l0/IlA.2TMCmARACTF0IS??CS OF TYPE 1411311 TVYP1 0661
a IDW)q1~awwEP'PORY~nN fir( TWF POPULATInt. FROM THIS TYPE vF6.TVP&566?
1S3/3) TYPE C6EE
%F00wAT43,X.5wMFANS/SF12.7) TypiewE

A4 P~w~~j3,9qAtfAnE% IATIOt.S /JF 12 *21 TYP60.,0
, 7 T1jA.2dORL~~t~ TYPI0671
4 FOR04AT CSFi?.41 TYPE 072
9 F 01104T 1 11 /hIl 3'45AaPPLI' l' I? 01 !/ 1 til &2l,#G944k6I& OF VAMII AGLIF a TYPE 0673
11P/i 'W.¶N1?w&,RFR MF TvPEq 9I6-,,?gK.1AwITFRATIO9W tiU0140 13,1fill TYPE (174
9131NLIKFLIbMflflfl ?V I-2304 '?YPI- iIN TaiIl 4.4MOLE OFIA.6) TYPI0679
0O 1.- Js1.mw TYPSoLTE

JASJOJTYPEA677
I L J. 1) mu Et 1.*1.*JA * . ) TYP~n6?1

D0 21 jo1.ux TYPIC6~79
J~aj,1 TVP60640
00 V Injoux TYPE3*Sl

IA~j.3,TYP~n~6I

p C~v,.t. ,~f~f1..I ITYPI0*44
wPlirk OuTPlt TAPP 2l4Sfrgf1l)TYPI.1685
WRITf OuTPlit 1APF T.9ftNW.S,1fA.I4N

"xlspol TYP611OSS
If 40(!Il) .11 TYP1E...,

¶~WUItIP nuT~IM11 IAPE 2.2 V669
00 To. 0 TYP~fl*91

12 UNIT* OUTP117 TAPE 2030141 TYPI0601
~too I fL. UTpjy TAPPS P#4*Pt-Sj~ TYPE *693

11 WNITF MLITPI' Tapp .. ~I.)t~MITP,9
00 q4 Ilamu Typin*95

A0G&qFIDV)#" TYPE o697
IflvstSf3PYFeA&Dvq0VI.AP - YPI 0*98

'4 111141188v TYPIC*99
DO jS lei**% TYPE '700

WRIIF U1170011 T'Ape ,fII,.W TYPIM734
wall" OuTS.,? TAPP Pe? TYP60ntO
Id) q^ jes1.bl TVIPEA7"

I w WI ?l. luIp'.? AE2gIqIJ.S.K TYP1,707
otI ls so ?,Pof 07

1:01 is $S TIP167a



511I0PiUT IOF PI.Af[E Typb n7 1

DIMFýSOP VIS'R' '1~% 7f h) - .JhMý Rc" PGS AV,. 71 OV(Is,%L. 71A ocvffTvp1YP,7jj

7PPAx.Ip.1( wF0'nQ1N( .IflIM QW(.r .001 * TYPE lb3

C TwIS PotllTI pWINgTS 'liT Twb4 PRMSAISILITIIkS 'IF TYPF W041FP5S aP UF A ETYP~kI7jS

C iACH i14iS5I.VAT10 Tl-~l

$ Me PAT( I- 1.9V ?NIt 2 lQoAl4l It II1-S OF TvPF '4kI~o4E-~IPi/J/W.,I6j TYPfin72,P
;0 FflRpAlfle.7SA.tb TYP&3721

K~sa r wiv,011723

%P1NU(p TYP&O??'

REWIN"D 4 TYPI0g2%

3 CALI "LC l 1 -F,. ~, TY010726
QFAVI T APF A. If W(I oj) SI SI.Wt 11.I1.O~f) TYPO@727
DO A Kalot mG ?YPIR7S0

oft a Iuh.mw TVPS !729

4 Z4I41)61141.10 TY0160730

CALI flSNOIY TyP*1731

'Kpsp. 1 YP~n7SI
DO £ I~d~iPIIP733
Ggha~I)..PSIIITY116034

Ip'egq'14107*. ?1011n7.36

7 NptTlgwt T1011037

4,1134



C NgIS ROUTINEi CfM"PirEk 'iS~iL IN Tpor CONTROL IF TWF 1140tiT TYPh )74t,
C AND nUTPUT OF LISTS OF LrNGo -4 IN s4Lfl(IS OF LEtNGT" LwLX. TYPh-741

c KR*t4motjmI4Fm OF IyPwS 'PbOAINRIG .Tbs L L V TVPI-j42
c LONGOL&E4GTwd M CQ9QFý' k'LOCK TYPI )743
C KST AND0 xkk Aak '..E 5?hST!NS ANr f-N'?Nki iktJi.XES Fail Tbok iT*M% IN TVP&1-744

C TwE CUORWrd HM~fCI. Typh J745
IF (~PI..?TtPkl?46

IKPW"NGNN Typkb)747
KENDeft TY19ijP4b

I LONGOLPLO N0614

FIwlMN.L#at g13 4 4 TYPEt0751

3 LONGBICOMN TYPh 7S2
4 Nl~flsKFNL'.i ftkG TVV&I 753

OND Typ bo7)

so



5tJRRfUT INE TyAe :NfIt.utFp~ 7Y 757

kOUIVALk'NCO fjQOw.4~Rt~w1& (lM-1.M.JC1.1"Ih (AMAV- T. SWiAP) IyPh 7439

C TYPV.7&o
C P~flGRA"MIrO ~4v RUWTC, S. GaA~RW. ARIOO.Vk NATION4AL LAWOA T 011Y. TfPb 7e1
C AN~D REPOCTOD IN low 7 4-719 qaARF LiI0AA4 Y AS AN F4 e. tYP61762

C ?MIS5 qUa~nTIN.E CJ)"UYE' TNP- l'NVFSk a~if nkl&01kAl4&T OF 1Y'k.?63

C MATRIX A. mr 00DEA %. .4V TkM G*USS-jflRDf 'vk?IiOD. A-j1j.'ER46 TYPJU764

C RfPtACF5 A. Akf) TwE 119TERMIt4ANT tF f Iq PLAC*DIN 0010114-N IF TYPbq?65

c 0 a I TwI* vEC~nRt q CONTAINS Imt; CONiSTANT V,.CTOA bitEk' MATINY IS TYpbL7OC.
C CALL[-D. APTI T141S IS QFPLACFD wITbo Toot- 904.10l"k VFCTUR. Ir " a As T*P~eQ76
C NO SINL'LTA'4OLA k2uATZITh SOL1,71OK API GALLED11 FOR# &ND H IS NOT I Yoe f)766

C PERTINFNT. N IS NflT TO EXCEED' %J. V YP61~709

u At No he. 1. Akf) OtiFTI 14, YMI ARGUMENiT LIST 4114 TrUM-Y VAOIAMSL. fYP~ft77t
C ~TYP&1;7?1

c TV06,177?

C INITIALTIATIOrN TYPE 773

I. DfETRPam.0 TYPE. 774

ts Do 20 misle% TYPk6?77
a! IPIVOT(JI81 fYPEV77B
3') 00 990 l18.A TYPOO77Y

C SEARCH FtR PlVM? FLFWNY% TYPE :778
411 ANA1xO.0 TYP&A779

45 0IDO iOI U.N TYPE' 760
1IF Ir eP Ivn I j. I .-I 6ua10 , TYPS0 61.

6ý DO Joe got.% TYPE 782

7, If 41PIV11t7~1)11Gj I~.-CI 741 TPSE 763
60 If 1A9SFEAuAI)-A9qrfAIJs01It)*.1 2~ E 6

9S APAIGAIJ.A1 TYI

lei CONTINUE
109 CONTINuE YE. 6
It)1'- PI VOT II Cot UM :IPI 40T6 IC"LU"1 41 Tfolift9S

WO;RCMAN.. so~ Sa P1 VPIVOT FLIWIN? ON aGtAGONAL ypqv
311' If 414m1w6l#6LUMI 140o i16 , 14A TYPEIP791
140 DITIONGOD11?ESP V YTPI0793
IV 0 00 10.4L2,k4 TYP~u?o*
4&t SNAPSAfPovo.LI T11,061199,
170 A(ISOW.L0u,4ICotUpole YYPSO6796
P110 AEICOLuP#Lt*3WAP ?YPGQO 77



2"s IF~m 26n. ?'.2.1Po9
Al DAl 250 L81. 0 y~9
2V! sk'ApsUIIlflw.t.) l~o

29n *(ICOLUM4*i,.SWAP 19..
p01 INDMXI0116iRoi YEw(
77 l00DfXfl#2)%ICCOLLJ TYP1g040
11i) PIVOTf1)fAIJ,:OLU04.!CO1UWf) Typeollos
NIP DfTf'4wVmDE~wxPuPvnTfl I YPIGI0G*

C33 DIVIUI PIVflT ROW By Ri`VQ, ELSOIPN? TV190609
AtI AhCOLIJ14oI rflid,@~ TYPIG~GG

.141 DO 390 L81.04 vypq Os.
AS, A I I CoLu$W0. 18iI COL QP.L iiDI0g1 -f19(II.01.if
'5; Ift") 38r . 34!. 3A. TYPI of 1
4% Do 0 3701 L61.04 1ypo0401a
37m SIet ICLUW. el 1 69 COL',1.L )iP IV O~l It1910013

C *EDUCE NDN.PIVVI? Rows 11910014l

1'9. Irti I-ICOL1U'WI di ). sil . TYPEo0416
4rnl TmAfL1#lC~fhUM) TYP§461T
41M A1L1.ICOL11")G 1191.016
43, 00 450totSI.N 11910019
4%k. AtLI.L)shl, .LwAt.A CMfLUiCL)u? 11910019

4fi' DO 903 1h.81. 11..enel

c IkpS4CwA%6x Cal u'i*os tvpsosIs

Ali' Lm?4.1te TTP19g17?
AV~ IFlWhW4rlI'fhIL1 '. 71.o 63u 11066030
43m JROW.ItID&1fLs1) twpoesoff
fAd JCOI 004dt%00111L *21 T1069630
64r f Do 7.L~ Ke1*t4 TYPIeSSI
AV, SwA9'AIN.ja~b) 11910632
47" A(NojilowlhaoiN.cO~~l )")9100033
7r., AtIN.fcttil"ugsw*p TY01103S
?q% CONl IiI Too* ?10039
'li CO'4lltiuf 1yPU036
76" "111011 TY1y1083

fily U YPIG638
6wnq.... &I#,003

52


